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Description 

[0001 ] Th is invention relates to a 3-D model maker ac- 
cording to the precharacterising part of claim 1 and to a 
method of producing a 3-D model according to the pre- 
characterising part of claim 6. This 3-D model maker uti- 
lizes a drop on demand jet to build up a three dimen- 
sional model by depositing one drop of modelling com- 
pound on another, on a support surface. Model makers 
of this type have in the past, for example as disclosed 
in US 5260009, which forms the basis for the preamble 
of Claim 1 of the present application, operated on a 
raster scan basis in which the jet is moved along scan 
lines parallel to one another and drops are deposited on 
a support surface, where the scan lines intersect the 
walls of the 3-D model. As the walls of the model will not 
generally coincide with the scan line, this process gen- 
eral ly results in a poor qual ity jagged f i nish to the surf ace 
of the wall. 

[0002] US 521 661 6 and WO 92/1 8323 disclose meth- 
ods of building 3-D models by depositing a continuous 
bead of modelling composition along vectors defining 
the walls of the model. 

[0003] US 5204055 discloses a process of building 
3-D models by binding together particles and building 
up the model on a layer by layer basis. 
[0004] EP 0500225 discloses a system of building 
three dimensional objects by depositing layers of mate- 
rial and shaving the surface of the layer prior to depos- 
iting a subsequent layer. 

[0005] US 5149548 discloses a system of building 
three dimensional objects which utilizes light to cure the 
material which is deposited from an ink jet. 
[0006] US 3966498 discloses an X-Y plotter for mak- 
ing two dimensional recordings. 

[0007] US 4665492 discloses a ballistic particle man- 
ufacturing method in which a three dimensional model 
is built up from individual particles, from a point origin. 
[0008] The object of the present invention is to im- 
prove a drop on demand model maker of the type dis- 
closed in US 5260009 by which the quality of finish of 
the walls may be significantly improved. Furthermore a 
significant improvement in dimensional accuracy and an 
ability to manufacture complex shapes should be 
achieved. 

[0009] This object is attained according to the inven- 
tion by the 3-D model maker as defined in claim 1 and 
by the method as defined in claim 6. 
[0010] Particular embodiments of the invention are 
the subject of the dependent claims. The 3-D model 
maker of the present invention is a device that builds 
three dimensional models of computer generated (e.g. 
CAD) structures by plotting layer-upon-layer applica- 
tions of solidifiable substances. The layers are formed 
by expelling minuscule beads of the substances in liquid 
phase onto a platform from one or more jets, the jets 
and platform being relatively movable in X, Y and Z co- 
ordinate system. Preferably X and Y coordinates are 



horizontal and Z coordinate is vertical. However, other 
orientations are possible and practical. The beads are 
deposited along vectors, during X/Y relative movement, 
on the stage, one at a time, layer-upon-layer, to build 

5 the model . The jets and platform are moved relatively to 
one another in accordance with instructions from the 
computer (controller) to form each layer in the X-Y plane 
(in a manner analogous to an X-Y vector plotter) and 
either stage or the jets may move in the Z direction to 

10 allow the jets to form subsequent layers. 

[0011] In one embodiment of the model maker, there 
are two jets: one for a first substance that will form the 
smooth exterior surfaces of the model and provide a 
bulk filler for the solid interiors of the model, and one for 

* 5 a removable other substance that forms the supports for 
otherwise unsupported portions of the model ( e.g. , the 
cross member of an H -shaped model). The first sub- 
stance and the bulk filler may, in another embodiment 
be emitted from separate jets of a three jet system. The 

20 Model maker preferably includes a shaver for smoothing 
the deposited layers in the X-Y plane so that the Z di- 
rection build is even. Warpage of the model may be con- 
trolled by depositing the beads spaced from one another 
and backfilling after the deposited beads have solidified. 

25 [0012] The heating and composition of the beads is 
chosen not only to provide structural integrity of the 
model but also so that they solidify quickly, almost upon 
contact with the platform or other substances, so that 
additional layers may be added without delay and so 

30 that shrinkage can be controlled or substantially elimi- 
nated. 

[0013] The 3-D model maker produces a 3-D model 
by sequentially forming layer upon layer, by plotting vec- 
tors of modeling material, one layer at a time character- 
's jzed by a) a support means defining a surface for sup- 
porting the 3-D model during production; b) a drop on 
demand jet means for ejecting bead producing drops of 
the modeling material one drop at a time upon demand 
to plot vectors defining the layers; c) mounting means 
^0 mounting the jet i) for simultaneous movement along at 
least two axes of an X, Y, Z axis coordinates system rel- 
ative to said surface to move the jet along any desired 
vector direction while said jet plots said vector of mod- 
eling material on said surface and ii) for movement of 
45 the jet, when desired, along all three of the X, Y, Z axes 
of the system, relative to the surface; and d) control 
means for controlling the movements in the X, Y, Z axis 
coordinate system and the ejection of bead producing 
drops by the jet to generate the vectors of modeling ma- 
so terial, defined by the beads, in any and all directions re- 
quired to produce the model by vector plotting. 
[0014] The method of producing a 3-D model com- 
prises the steps of a) providing a surface for supporting 
the 3-D model during production; b) ejecting bead pro- 
55 ducing drops of modeling material one drop at a time, 
upon demand from a drop on demand jet means onto 
the support surface, while moving the jet means and 
support surface relative to each other in X and Y coor- 
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di nates, of an X, Y, Z coordinate system, parallel to the 
support surface under the control of a control means to 
generate vectors of modeling material in any and all di- 
rections required to produce a layer of the model by vec- 
tor plotting; c) moving the jet means and the support sur- 
face relative to each other in the Z coordinate direction 
normal to the support surface under the control of the 
control means; d) repeating steps b) and c) as required 
to produce desired additional layer(s) until the model to 
complete. 

[001 5] The invention will now be described in the fol- 
lowing detailed description, by way of example, with ref- 
erence to accompanying drawings, in which: 

Figure 1 is a diagrammatic isometric view of a three 
jet, 3-D Model Maker according to the present in- 
vention. 

Figure 2 is a cross-sectional elevation of a jet for 
use in the present invention; 
Figure 3 is an enlarged view of circled portion A of 
Figure 2; 

Figure 4; is an enlarged view of circled portion B of 
Figure 2; 

Figure 5 is an enlarged view of circled portion C of 
Figure 2; 

Figure 6 is a diagrammatic view of a feed system 
for a jet of the present invention; 
Figures 7 and 8 illustrate an electrical pulse used to 
operate a jet, illustrating the waveform which is the 
signature of an operating jet and a non-conforming 
wave form indicating failing of a jet; 
Figures 9 to 13 illustrate various lattice reinforce- 
ments for use with hollow models. 

Detailed Description of the Invention 

The Model Maker Apparatus 

[0016] Referring firstly to Figure 1, the 3-D Model 
Maker 1 of the present invention comprises a frame 2 
which supports a horizontal pair of spaced apart rails 3 
extending in an X-coordinate direction (axis) 4 of the 
Model Maker. The rails 3 support a further pair of hori- 
zontal spaced apart rails 5 which extend in a Y-coordi- 
nate direction (axis), 6. The Y coordinate rails 5 are sup- 
ported at their ends in bearings 7 on the X-coordinate 
rails 3 to permit the Y-coordinate rails 5 to slide along 
the X coordinate rails 3 in the X-coordinate direction. 
Motion of the Y-coordinate rails along the X-coordinate 
rails is achieved by the use of a belt drive 8 (shown dis- 
placed from the apparatus for clarity) powered by a mo- 
tor 9 which includes an optical encoder 29 to ascertain 
and determine the position of the Y-coordinate rails rel- 
ative to a platform 10 (shown carrying a cubic model) 
along the X-coordinate under the control of a system 
logic controller 11 . 

[001 7] The Y-coordinate rails 5 support a carriage 1 2 
for sliding movement therealong under the control of a 



belt driven motor system 13 with optical encoder 30 sim- 
ilar to that described above with respect to motion of the 
Y-coordinate rails. This system 13 is also controlled by 
the system logic controller 11 to ascertain and determine 

5 the position of the carriage relative to the platform 10, 
but in this case, in the Y-coordinate direction. 
[0018] The carriage 12 carries three jets 60, one of 
which is for ejecting drops of wall producing material 
(modeling compound-MC), a second of which is for 

10 ejecting of drops of a bulk fill material (also MC) and a 
third of which is for ejecting beads of a support material 
(SM). These materials are hereinafter described in 
greater detail. 

[001 9] The platform 1 0 can be raised and lowered rel- 
* 5 ativetothecarriage12intheZ-coordin ate d i rect io n (ax- 
is) 14 by means of a stepper motor 15 which drives a 
screw and nut jack 16, the nut of which is attached to 
the platform 1 0 to raise or lower the platform upon rota- 
tion of the screw by a belt drive 1 7 from the stepper mo- 
20 tor 15. The platform 10 is guided by bearings on guide 
posts 1 8 which extend in theZ-coordinate direction. The 
guide posts 1 6 are supported rigidly by the frame 2. 
[0020] The system logic controller 1 1 determines the 
position of the platform relative to the jets 60 in the Z- 
25 coordinate direction and the timing of ejection of the 
bead producing drops of material from the jets 60 using 
software instructions not unlike those utilized in vector 
plotters to control the motion of the vector plotter pens 
in the production of the drawing as will be well under- 
go stood by those skilled in the art. 

[0021] The frame 2 supports a power supply 1 9 which 
provides the power for the various systems and motors 
of the model maker in accordance with their individual 
requirements and the commands issued by the system 
35 logic controller 1 1 . Adjacent one end of the X-coordinate 
rails 3 is a jet checking and cleaning station 20 which 
will be described in greater detail hereinafter. At that 
same end of the X-coordinate rails the frame 2 supports 
heated supply reservoirs 21 which store MC, bulk MC 
*o and SC, as required, for supply to the jets 60, by way of 
feed reservoirs 22. A pressure pump 23 is supported by 
the frame 2 to pressurize the supply reservoirs 21 when 
the media carried therein is required to be transported 
to the feed reservoirs 22. 
45 [0022] The X-coordinate rails 3 also support a model 
shaving system 24 the use of which will be described in 
detail hereinafter. The model shaving system 24 com- 
prises a slab milling cutter 25 which is belt driven by a 
motor 26 and includes a housing 27 for connection to a 
so vacuum line by way of an outlet 28 to facilitate removal 
of shavings produced by the model shaving system. The 
model shaving system includes electromagnets 31 for 
engaging the carnage 12 and Y coordinate rails 5 for 
moving the milling cutter along the X-coordinate rails. 
55 The milling cutter 25 defines an axis extending in the Y- 
coordinate direction and has a length at least as great 
as the dimension of the platform 1 0 in the Y-coordinate 
direction. 
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[0023] It will be appreciated that a plurality of jet 
groups could readily be accommodated on a single car- 
riage, with means for adjusting their spacing if required, 
associated with a common X, Y and Z drive arrange- 
ment, shaving system, controller, power supply etc. in a 
single model maker, to permit the simultaneous mode- 
ling of a plurality of like models. 
[0024] It will be appreciated that wh ile model maker 1 
described with reference to Figure 1 provides vector 
movement of the jets 60 in the X-Y coordinate direction 
and movement of the platform 10 in the Z coordinate 
direction, other arrangements would be apparent to 
those skilled in the art. In fact, the X, Y, Z coordinate 
movements may be provided by moving either the jets 
60 alone or the platform 1 0 alone or by any combination 
of movements of the jets and platform resulting in the 
desired coordinate movements. Furthermore, although 
the Z coordinate direction is preferably vertical, those 
skilled in the art will appreciate that other orientations 
for the Z coordinate direction (axis) are possible. 
[0025] It will be appreciated that while the system log- 
ic controller has been described in a manner suggesting 
it to be a single unit, a plurality of separate control units 
interacting as needed could together form the system 
logic controller. 

Jet Structure 

[0026] As shown in Figures 2 and 3, the jet tip assem- 
bly consists of a small jet tube 62 molded of a f louropol- 
ymer and configured internally with a cone in one end 
63. During molding the cone is formed closed and is later 
opened forming an orifice 73 with the desired diameter 
by slicing off the cone end 63 of the tube. The other end 
of the tube is open and receives the molten fluid from 
the supply system which will be discussed hereinafter. 
[0027] Surrounding the tube is another tube 64 made 
of a piezoelectric material. This piezo tube 64 is plated 
to provide electrical connections (i.e. as with a capaci- 
tor) to pole the piezo. The piezo tube 64 is surrounded 
with an electrical potting grade of epoxy 65 to absorb 
thermal shock. The assembly is then mounted in a 
threaded aluminum insert 66. 

[0028] The jet tip assembly 61 further consists of a 
connect tube 65 formed of a short length of elastomeric 
tubing which attaches to the open end of the jet tube. 
The connect tube 67 is pushed through a hole 68 in one 
end of the insert 66 and then pu lied th rough to the other 
end . The jet tip assembly 6 1 is then attached to the con- 
nect tube 67 and the connect tube 67 is pulled back to 
where the jet tip assembly 61 just touches the opening 
of the insert. The jet tip assembly 61 is then seated into 
the th readed aluminum insert 66 . As the jet tip 61 is be- 
ing seated, the connect tube 67 is pulled from the other 
end so that it will not become kinked. After the jet tip 
assembly 61 is fully seated, the excess tubing is 
trimmed flush to the back surface of the threaded alu- 
minum insert 66. At this point a small tubular insert 69 



(seal tube) is placed in the end of the elastomeric tube. 
[0029] The small seal tube 69 provides two funda- 
mental functions. First, the seal tube 69 is 0.4 mm larger 
than the I.D. of the elastomeric connect tube 67. This 

5 causes the O.D. of the connect tube 67 to seal the I.D. 
of the insert 66. Secondly, the small I.D. of the seal tube 
69 restricts the pressure head of fluid above by taking 
advantage of capillary forces and allows the jet head 60 
to remain idle for long periods without dripping. The seal 

10 tube 69 also counterbalances the head pressure from 
the volume of fluid above and allows vertical jetting with- 
out dripping. 

[0030] Everything that has been assembled up to this 
point is then placed in a tubular jet reservoir 70. This 
15 tubular jet reservoir 70 has a heater 71 and a filter 72 
(Figure 4). 

[0031] Modeling compound (MC) is delivered from a 
heated reservoir 81, through a heated supply line 75 
(Figure 5) to the jet reservoir 70. The MC supply is main- 
20 tained and the line remains primed to the jet head 
through natural siphoning action. Absolute priming of 
the delivery system through to the orifice is of utmost 
importance. 

[0032] A small air pocket 76 is maintained inside the 
25 jet reservoir above the su rf ace 77 of the MC (Figs . 2 and 
5). This "bubble" 76 serves a critical function as an iso- 
lator from the hydraulic surges that occur as the jet head 
reciprocates during jetting. In this way the "bubble" 76 
prevents the hydraulic surges resulting from motion of 
30 the jet head and the heated supply lines from interfering 
with the meniscus and the forming of drops. 
[0033] As jetting continues and the MC level in the jet 
reservoir drops enlarging the bubble, a small vacuum is 
produced in the jet reservoir. Since the supply line 75 is 
35 in a siphon balance, the small increase in vacuum trans- 
fers MC from the heated reservoir to the jet reservoir 70 
via the supply line. 

[0034] Upon powering the system, the jet tube 62 is 
held at voltage with the piezo tube 64 poled. When the 

40 drop eject signal is received the voltage drops and the 
piezo tube 64 is depoled. Depoling causes the piezo 
tube 64 to apply a constrictive force to the jet tub 62 and 
sends an energy wave through the fluid residing in the 
jet tube 62. The internal volume of the jet tube 62 is also 

45 reduced somewhat. The acoustic energy wave and the 
volumetric constriction together tend to force the fluid in 
two directions, back toward the feed line and forward 
toward the orifice. Since the feed line 75 is filled with 
flu id, the path of least resistance is toward the orifice 73 . 

so Also, thef luid in the feed line acts as a barrier and acous- 
tically reflects some portion of the acoustic wave energy. 
Provided the total energy level is sufficient to overcome 
the meniscus and resistive forces in the orifice 73, a 
small drop of MC will be jettisoned. 

55 [0035] The tubular jet reservoir body 70 is sized spe- 
cifically to provide approximately 15 minutes of opera- 
tion (with the feed line detached) in an effort to keep the 
size and weight of the jet head 60 and carriage system 
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down to a minimum. The tubular jet reservoir 70 is also 
the main piece to which the other parts are assembled. 
Within the reservoir is a recess for the wire cloth filter 
72, as shown in Figure 4. When assembled the filter re- 
sides just above the jet tip assembly 61 at the bottom of 
the jet reservoir 70. 

[0036] A vented cap 77 is located on the top of the jet 
reservoir providing the connective link between the jet 
reservoir 70 and the material delivery system. The in- 
side of the cap has an el astom eric seal 78 which insures 
air tightness within the system. In the sides of the cap, 
located precisely at the edge of the elastomeric seal, 
are vent holes 74 which vent directly to the outside at- 
mosphere. These holes are critical in that they provide 
a method of venting the reservoir with minimum disrup- 
tion of the inside chamber pressure in the bubble 76 
(negatively or positively). When the cap 77 is loosened 
it immediately breaks the seal allowing air to enter the 
bubble 76 in the jet reservoir 70 through vent holes 74, 
and when the cap 77 is tightened it does not adversely 
increase the reservoir pressure by allowing air to exit 
the jet reservoir 70 through vent holes 74. This is signif- 
icant in that the fluid level inside the reservoir remains 
relatively unchanged. If the vent holes were not there, 
then when the cover was loosened the unscrewing ac- 
tion would effectively increase the inside volume of the 
bubble 76 thereby creating a vacuum. This vacuum 
would suck an air bubble in through the orifice and have 
the result of stalling the jet when jetting is resumed. Like- 
wise, if the vent holes were not there, the action of 
screwing the cap on would increase the chamber pres- 
sure and force material out the orifice. Without the vents 
the reservoir would shortly be depleted of material after 
only a relatively small number of cap removals and re- 
placements. 

[0037] The insert 66 allows a desired modular ap- 
proach to the jet head assembly. As earlier described, 
the insert contains the jet tube 62, the flow restricting 
seal tube 69, and the elastomeric connecting tube 67. 
If maintenance is required, this insert is easily removed 
and access to the rest of the jet head is made available. 
[0038] The heater 71 is the feed source of heat for the 
jet head 60. Secondary heat is derived from the molten 
material delivered to the jet head reservoir 70. The heat- 
er 71 is of the foil type and is adhesively applied directly 
to the external surface of the jet reservoir 70. 
[0039] The tip of a thermocouple (not shown) makes 
direct contact with the aluminum tubular jet reservoir 70. 
The output from the thermocouple is linked to a thermal 
control device which controls the temperature of the jet 
head 60 to +/- 2 degrees Celsius. 
[0040] The jet head is clamped to the carriage by a 
mounting clamp that clamps the lower flange 80 of the 
reservoir in position on the carnage. 
[0041] The jet head structure disclosed above is ca- 
pable of operating under control at 6,000 Htz maximum 
refire rate. The same size bead of MC is consistently 
emitted from the jet at the maximum refire rate of 6,000 



Htz. If the refire rate is increased to 12,000 Htz, the jet 
resonates and emits a bead of MC which is twice as 
large as the bead emitted at 6,000 Htz. Thus, at 12,000 
Htz the jet emits four times the volume of MC than at 

5 6,000 Htz, e.g. 2 times the number of beads that are two 
times as big, thereby building of the model four times as 
fast. Thus, at 12,000 Htz the model can be built up four 
times as fast than at 6,000 Htz, although due to the in- 
creased size of the beads of MC being deposited there 

10 is a corresponding decrease in the quality of the finish 
of the model produced. Thus, operating thejethead at 
a refire rate of 1 2,000 Htz may advantageously be used 
to fill interior spaces of the model that do not require a 
good surface finish or to build quick draft models in a 

*s draft mode. 

[0042] It can be appreciated that the modeler may be 
built with two heads. One head for emitting modeling 
material for building of the walls at 6,000 Htz and for 
quickly filling in voids in the model at 12,000 Htz, and a 

20 second head for emitting support material at 6,000 Htz 
to fill in voids in the model. It can also be appreciated 
that rather than firing the first head at 12,000 Htz and 
quickly fill in the void in the model, a third head with a 
larger orifice 73 in the jet tube 62 may be used to emit 

25 larger beads of modeling material and thereby fill in in- 
terior spaces quickly without necessitating a refire rate 
of 12,000 Htz, or to fill in even more quickly at 12,000 
Htz. 

[0043] It will be appreciated that a matrix of jets could 
30 be provided for quick filling or cross-hatching with one 
of these jets also forming the wall building jet 60. 

Material/Supply System 

35 [0044] According to an embodiment (Figure 6) of the 
material supply system the modeling compound (MC) 
and the support compound (SC) have been stored in a 
feed reservoir 81 for each material, only one of which is 
shown in Figure 6. These feed reservoirs 81 are mount- 
^0 ed on the modeler and are located at critical levels de- 
pending on the individual fluid dynamics of the materi- 
als. 

[0045] Each feed reservoir is equipped with an A/C 
heater (not shown) capable of self regulating tempera - 
45 ture control. These heaters can control the MC and SC 
temperature to within 8 degrees Celsius without external 
temperature controllers. 

[0046] The feed reservoirs have sealed lids which 
have a nipple for attaching a viton tube 62. This tube 82 
so js used to purge the delivery system when it is not at- 
tached to the jet head 60 and to pu rge the jet head when 
it is attached. Also when a suitable air source is applied, 
the contamination rate and condition of the filter inside 
the jet head can be determined. 
55 [0047] The basic principle on which the material trans- 
fer system functions is siphoning. A fluid balance exists 
between the feed reservoirs 81 and the jet head reser- 
voirs 70. In atypical system consisting of two reservoirs 
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and a connecting delivery tube, when material is re- 
moved from one of the reservoirs, a matching amount 
of material flows via the delivery tube from the other res- 
ervoir to equalize the fluid level. This only works when 
both reservoirs are at the same atmospheric pressure. 
[0048] When one of the reservoirs is sealed as in the 
jet head 60, the system operates a little differently. In 
the jet head reservoir 70 is the bubble 76. The jet head 
reservoir 70 is sealed air tight. As the fluid level is de- 
pleted inside the jet head reservoir a vacuum develops 
in the jet reservoir. As these forces increase, fluid flows 
via the heated delivery line into the jet head reservoir. 
The air bubble also acts as a stabilizer. Because of the 
bubble, relatively large fluid level changes can be toler- 
ated. Any change in the fluid level of a feed reservoir 
would normally have an instantaneous hydraulic effect 
on the jet meniscus, but with the bubble system, the lev- 
el changes in the feed reservoir can vary 40 mm without 
an adverse effect on the jet meniscus. As previously 
mentioned, the bubble also isolates the jet tip 61 from 
the hydraulic surges caused by the motions of the jet 
head carriage. Without the bubble it would be much 
more difficult to keep the jet functioning properly and 
consistently. 

[0049] The MC and the SC are very different com- 
pounds. Their most important characteristic is that they 
both phase change at similar temperatures, but respond 
to completely different solvents. The solvent that is used 
to remove the SC has no effect on the MC and vice ver- 
sa. This creates a very convenient handling environ- 
ment, plus the solvents used are very common and en- 
vi ro n men t a I ly saf e . 

[0050] Other differences in the modeling materials are 
in their density and surface tension. Because of these 
differences the functional fluid level of each material is 
different. Basically the MC (sulfonamide based material) 
fluid level in the feed reservoir is about 25 mm above 
the fluid level in the jet head reservoir. The fluid level in 
the SC (wax base material) feed reservoir is about 25 
mm below the fluid level in the jet head reservoir. 

Jet Failure Detection 

[0051] Referring now to Figures 7 and 6, Figure 7 il- 
lustrates a piezo activating pulse which is used to cause 
a drop of compound (MC or SC) be ejected by a jet 60. 
The pulse approximates a square-wave and terminates 
with ringing which is encompassed by a dashed circle 
in Figure 7. Figure 8 is an enlarged view of the ringing 
shown in Figure 7. Each jet produces a ringing which 
constitutes a signature of that jet when it is operating 
normally and this normal signature is illustrated by the 
solid line in Figure 8. 

[0052] The signature of an operating jet can be ana- 
lyzed and stored for comparison with subsequent ring- 
ing by that same jet upon the ejection of each drop by 
that jet. If the subsequent ringing as analyzed is within 
an appropriate tolerance from the stored information 



concerning that jet signature, the controller can confirm 
that the jet is operating properly. If, however, the signal 
differs significantly from the normal ringing signature, as 
shown with a dashed line, for example, in Figure 8, the 
5 controller will determine that a jet failure has occurred. 

Bead Pitch Control 

[0053] With appropriate inputs from existing hardware 
10 such as encoders 29, 30, appropriate software can per- 
form the following functions. 

1) Give firing signals to the jet(s) 60 so that a given 
quality vector (bead spacing) is produced regard- 
less of the speed, angle, or curvature of the plot. 
The software and logic control spaces the beads so 
that specified end dimensions and surfacef inish are 
produced. 

2) To control bead pitch, software will not move the 
jet(s) so that their vectored speed over the platform 
exceeds the maximum refire rate of the jets. There 
are two ways that the bead pitch can be set, i.e. us- 
ing either software or hardware. 

[0054] Currently, hardware adjusts the firing so that a 
uniform bead pitch is maintained independent of the var- 
iable speed, during starting and stopping, or the angle 
or curvature of the vector. In the case of vectors along 
the X or Y coordinates, the hardware fires beads every 
plurality of encoder 29, 30 ticks that matches the bead 
pitch specified during the acceleration or deceleration 
period. When the velocity of the vector production ap- 
proaches (or is a constant speed) the bead firing may, 
in some cases, switch to firing on a time basis, instead 
of encoder ticks. 

[0055] In the case of a diagonal or angled vector, the 
encoder 29 or 30 is used that represents the biggest in- 
cremental value (this indicates that the vector is not 
more than 45 degrees from the encoder axis used) and 
the number of encoder ticks will be shortened so that 
the specified bead pitch will be maintained. The encod- 
ers 29, 30 are present to detect movement along each 
of the x and y coordinates. 

[0056] In the case of diagonal or curved lines, hard- 
ware adjust the bead pitch as measured from one of the 
encoders "on the fly" by the ratio of two measurements 
which are proportional Vx and Vy. The arc tangent of the 
instantaneous ratio or the sum of the squares gives the 
instantaneous angle of the curve or diagonal line. By us- 
ing a lookup table, the number of encoder ticks between 
beads to maintain the desired dot spacing is deter- 
mined. 

[0057] The encoder is used that instantaneously has 
the higher velocity and an instantaneous angle of 0 to 
45 degrees. At 45 degrees, switching from one encoder 
to the other occurs. During slow down for the end of an 
arc the correct length is maintained by adjusting the last 
bead pitch spacing. 
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[0058] To implement this desirable function the jets 
are fired by either the X axis or Y axis encoders 29, 30. 
The X coordinate encoder 29 is used for all lines within 
45 degrees of the X coordinate direction 4 and the Y 
coordinate encoder 30 is used for angles greater than 
45 degrees from the X coordinate direction 4. Thus the 
desired bead pitch is maintained accurately to the de- 
sired pitch regardless of vector direction, speed or cur- 
vature. 

[0059] Typically a bead pitch of 0.025 mm can be 
achieved with a jet emitting a drop of about 0.09 mm 
diameter to provide a bead of about 0.12 mm diameter. 
[0060] The hardware measures the instantaneous 
angle by measuring the number of encoder ticks, in a 
known short period of time, of the encoders 29, 30. By 
taking the ratio of these encoder ticks and using a look- 
up table, we can determine the n umber of encoder ticks 
between bead ejectors to obtain a uniform desired spac- 
ing between beads at any instantaneous line angle. 
[0061] Beads are ejected from the jets by a counter 
that counts quadrature encoder ticks. The number of 
counts is adjusted for the instantaneous angle of the 
line. 

[0062] There are other more complicated ways of 
ending the vector at the correct point. The vector length 
is not usually an even multiple of the bead pitch but usu- 
ally has a remainder. In order to make the vector come 
out to an exact length, one of several other more com- 
plicated methods could be used: 

1 ) Make " n" u n if orm beads where " n" eq uals the line 
length divided by bead pitch and make one more 
bead that has a spacing equal to V, the remainder, 
"n" and V wou Id ideally be supplied by the software, 
or if necessary, be calculated by the hardware. In 
most cases, this method is probably the most con- 
venient method to use. 

2) A theoretically better result is ach ieved by arrang- 
ing for the hardware to increase the pitch of V 
beads so that the exact length is realized. While this 
method is a little better for straight lines, it is impos- 
sible to use in the case of curved lines. 

3) Making a bead at the end of a line even though 
it is not the correct spacing. This causes a variation 
of the height of the wall atthis point which with prop- 
er control can be an increase in height. This error 
in height is corrected when making a cut with the 
milling cutter as described later. 

[0063] If, for example, drops ejected by the jets take 
about 270 microseconds to hit the media and make a 
bead after it is commanded to do so electrically. At 84 
mm/sec jet speed, it takes almost 0.23 mm of translation 
for the drop to make a bead after it is fired. However, 
when we start a line and are standing still, we make a 
bead and then start accelerating, at say 4 Gs. We want 
to fire the next drop after moving, say 0.24 mm which 
occurs in 3.6 milliseconds, at which time we are moving 



at 142 mm/sec which puts the bead at 0.30 mm instead 
of 0.24 mm. We want the next drop at 0.48 mm, which 
occurs at 5.1 milliseconds and where the speed will be 
200 mm/sec which puts the bead at 0.56 mm, a sepa- 
5 ration of 0.27mm. We want the next drop at 0.76 mm, 
which occurs at 6.2 milliseconds and where the speed 
is 244 mm/sec which puts the bead at 0.83 mm, a sep- 
aration of 0.27 mm. We want the next drop at 1 mm, 
which occurs at 7.2 millisecond and where the speed is 
282 mm/sec which puts the bead at 1 .1 mm, a separa- 
tion of 0.26 mm. The separation keeps approaching 
0.25 mm as the speed approaches 813 mm/sec where 
we may switch over to firing on time intervals. As we 
slow down, the dots tend to get closer together by a frac- 
tion of a mm instead of further apart. 
[0064] With software control of bead spacing, we still 
use the encoder ticks to fire the print module on the ac- 
celeration and deceleration parts of the line. We use the 
encoder 29 or 30 that was closer in angle to the instan- 
taneous angle to fire the jets. Since the controller 11 
electronics always knows the instantaneous angle of the 
line being plotted, this can steer us to a look-up table to 
tell us the number of ticks to use for retire during this 
phase. When we retire with time during the constant 
speed phase, we do not need to use the lookup table. 
[0065] An alternative to the above approach is as fol- 
lows. A combination of software and hardware keeps 
track of encoder ticks. At every encoder tick in either the 
X or Y axes, it calculates the diagonal distance moved 
and the current velocity, allowing for the time of flight of 
the bead, the correct time is calculated for bead firing to 
get the correct dot spacing. 

Model Building 

[0066] Using the model maker 1 a three dimensional 
model is produced using a thermoset drop on demand 
ejector (jet 60) at a desired "drop pitch" to produce a 
vector outline of the inside and outside surfaces of a giv- 
en layer. Preferably, said vector outline is repeated one 
or more times by off setting subsequent vectors from 
desired outlines depending on part geometry and build 
strategy (solid model or shell model). The amount of off- 
set is referred to as "wall pitch". These parameters can 
be varied to produce a high quality surface 3-D model. 
Both wall pitch and drop pitch can also be varied to pro- 
duce a layer thickness range of from about .03 mm to 
about .18 mm which will result in an operator selectable 
surface finish/build time trade off. Note : Drop pitch can 
be controlled as hereinbefore described. Wall pitch con- 
trol is achieved via software as implemented by the con- 
troller 1 1 . Head to tail vector plotting is an additional soft- 
ware control that is used to enhance surface quality. 
[0067] The model is then produced one horizontal lay- 
er at a time using X-Y vector plotting techniques using 
the jets with the aforementioned bead pitch control. Z 
coordinate model control is discussed hereinafter under 
"Layer Growth Control". 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



7 



13 



EP 0 715 573 B1 



14 



[0068] While void f i Ming has been discussed usi ng MC 
ejected from a resonating jet 60 or from a dedicated larg- 
er orifice jet, other filling systems are contemplated. For 
example, voids could be filled by quick set foams (e.g. 
urethane) or other qu ick setting an d/or qu ick app lication 
materials (e.g. waxes, powders, etc.) 
[0069] An additional method of filling voids, at the 
completion of so many layers, but preferably before cut- 
ting particles, preferably round beads, at ambient tem- 
perature, are added to fill the void to the cutting level. 
These particles can be of the build material (MC) or 
could be of any other compatible material. 
[0070] After filling, at least the upper surface of these 
particles are glued together by jetting beads from either 
the build material jet or even the support material jet, 
after cutting, the model building proceeds as before. 

Layer Growth Control 

[0071] Z axis control is important in controlling part ge- 
ometry. With drop volume and thickness variations from 
machine to machine, presently, the only practical meth- 
od of controlling the Z axis is to mill the model at selected 
intervals. Within a given layer, geometric variations such 
as at intersections, and wall thickness variations con- 
tribute to creating a varying layer thickness. Although 
this may only amount to thousandths of a millimeter per 
layer, it soon accumulates. Slab milling the top surface 
after selected intervals guarantees that the vertical 
growth is under as accurate dimensional control as the 
X and Y axis. 

[0072] Additionally, slab milling the top layer at select- 
ed intervals helps to relieve intra-layer stresses. Accu- 
mulated dot shrinkage is responsible for adding to the 
warpage control problems that will be discussed later. 
Milling these layers unbalances the stresses so th at the 
stresses remaining actually work oppositely and cause 
those layers to tend to warp in the other direction. How- 
ever, with the firm foundation that the layers are being 
built on these stresses do not cause problems. To main- 
tain a precise Z-AXIS build, the model shaving system 
24 is utilized after one or more layers (preferably five) 
of modeling compound have been laid down. When the 
controller 11 senses a "cut command" the rails 5 and 
carriage 1 2 assembly move to engage and "pick up" the 
shaving system via two electromagnets 31 and translate 
the milling cutter 25 across the model at software se- 
lectable cutting speed and feed, return the shaving sys- 
tem 24 to its home position, release the engagement 
and continue building the model. The milling cutter is 
coated with Poly-ond to facilitate release of shavings 
from the model for removal by sub-atmospheric pres- 
sure connected to output 26. 

Warpage Control 

[0073] Warpage is the single most difficult problem to 
overcome in producing high accuracy parts. The funda- 



mental properties of the present system would support 
a severe warpage control problem. The basic material 
used to produce parts have themselves high shrink 
rates (18% to 22%) when compared to other materials. 

5 When a material has a different specific gravity in one 
form versus another such as liquid and solid, there will 
be noticeable shrinkage during phase changes. In our 
case we must deal with this problem as well as with the 
physical coefficient of thermal expansion that all solids 

10 have. When the parts are formed hot and are used cold 
there is always a problem with warpage. 
[0074] To overcome the problems of shrinkage 
caused warpage, we avail ourselves of the special ben- 
efits of our process. The previous described condition 

15 describing our materials would apply if one was to cast 
a part with molten material into a mold. However, we 
form parts a drop (bead) at a time. In doing so, most of 
the material shrinkage occurs while the drop is enroute 
and as soon as the drop hits the building surface. Before 
the next liquid drop hits the surface and has a chance 
to completely flow into the previous drop ft begins to 
shrink. 

[0075] Controlling part geometry, material tempera- 
ture, bead pitch, flight distance/time, wall pitch and 

25 building surface temperature together with layer milling 
can control the shrinkage to where it has minimum effect 
on the part to cause warpage. To achieve this, material 
temperature, flight distance/time, and building surface 
temperature become standard machine settings, while 

30 dot pitch, wall pitch, and layer milling are operational 
variables. Controlling these variables allows maximum 
influence on warpage and dimensional control. 
[0076] Beyond all of these factors is still the problem 
of individual drop shrinkage and a major objective re- 

35 gardless of the approach is to control drop shrinkage. 
There must be enough fluidity left in the drop to assure 
coherence to the previous build but not enough to cause 
warpage. 



[0077] It is practically impossible to totally eliminate 
all shrinkage and warpage during building, but it is pos- 
sible to control it within allowable tolerances. When 

45 warpage is still a problem, imaginative fill patterns begin 
to play an important role. Double Crosshatch ing biaxial ly 
reinforces the section of the model to help eliminate an- 
isotropic shrinkage. Uniformity in fill patterns enhances 
dimensional and shrinkage control. With fill wall pitch it 

so js important to obtain maximum reinforcement with the 
least amount of material to keep up with the perimeter 
build. In some cases it may be necessary to alter the 
perimeter conditions in order to match the fill pattern 
build rate. 

55 [0078] Typically, bead pitch is a settable parameter. 
In one shrinkage reduction technique, a drop is placed 
at a specific first bead location. Where the second drop 
would normally be placed there is a space. A second 
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drop is then placed where the third bead belongs. This 
pattern is repeated for the complete layer. When the lay- 
er is completed with half of the required beads a single 
drop pitch shift occurs. The layer is then repeated. As a 
result, the drops of this repeated layer are placed in the 
spaces between the previous beads. Completing this 
shifted pattern completes the layer. This may be repeat- 
ed throughout the part, or perhaps only where warpage 
or dimensional control is anticipated to be a problem. 
The advantage is that each drop has the opportunity to 
fully shrink without the influence of the other drops of 
that layer. The result is that now the vast majority of the 
shrinkage has already occurred and the object is effec- 
tively being built with p re-shrunk material. Minimized 
stresses which result have little or no effect on the lay- 
ers. 

Lattice Support Structures 

[0079] Important to the successful building of some 
shell models are internal support patterns or lattices. 
These patterns allow building models with less then 
1 00% density. Basically they consist of walls of varying 
thicknesses and pitches and running either unidirection- 
al or bi-directionally. Orientation of the patterns should 
be carefully considered to ensure minimum warpage. 
[0060] In some modes, their shape may pose warp- 
age problems when using unidirectional patterns. This 
additional warpage comes as a result of polarizing 
stresses in one direction. In these cases, changing the 
support pattern orientation may decrease the warpage 
problems by redistributing the stresses. In any case the 
unidirectional pattern chosen continues throughout the 
part. 

[0081] Bi-directional lattices consist of bi-directional 
walls in the same layer. This is particularly helpful with 
smaller aspect ratios that require the same reinforce- 
ment in all directions. In cases of larger aspect ratios 
there may be reasons to vary the pattern pitch from one 
direction to the other to further increase the control of 
warpage. 

[0082] Basically the major reasons for lattice patterns 
are: 1 . Density reduction. This has several direct bene- 
fits. First there is the obvious benefit of less material and 
therefore less expense. Second, there is reduced time 
required to build the model. With 40% less material a 
comparable solid model will take considerably more 
time to build. 2. Warpage control. While warpage is a 
relatively minor problem, the fill pattern options further 
reduce it to the point where secondary solutions such 
as annealing and fixturing should account for only single 
digit percentage of applications. 3. Reduction of strain 
of a wax pattern on the ceramic cavity du ring p rocessi ng 
in an investment casting operation. 4. Model cooling is 
quicker. 

[0083] There are several factors to consider when de- 
termining the type of lattice pattern for a model. 1 . What 
is the minimum amount of material required for the mod- 



el? Sometimes the model may have to be solid. 2. What 
is the anticipated warpage? 3. What is the desired out- 
side wal I f in ish? This m ust be considered in those cases 
where the wall type selections cause accelerated build 
5 rates. These cases require matching the build rates of 
the exterior walls with those of the lattice walls. 4. Is the 
part going to be closed off? Depending on the height of 
the part, this will determine the pattern pitch. The shal- 
lower the part, the closer the pattern pitch has to be. 
[0084] Structure lattice reinforcing arrangements 
such as have been described above are exemplified by 
Figures 9-13. In Figure 9 a horizontal hollow cross-sec- 
tion of a square tower model is shown with unidirectional 
interior reinforcing walls 120 interconnecting a pair of 
opposite outer walls. Figure 1 0 is a cross-section similar 
to that of Figure 9 with bidirectional reinforcing walls 
121. Figure 11 illustrates a variation of Figure 10 in 
which the bidirectional reinforcing walls terminate in an 
inner wall 122 of the model which is formed in each layer 
after the corresponding outer wall of that layer has been 
formed. By this arrangement undesirable stresses in the 
outer wal I of the model, surface discontinuity or warpage 
thereof can be reduced or eliminated. Figure 1 2 is a hor- 
izontal cross-section of a right cylindrical tower model 
with concentric inner reinforcing walls 123 spaced by 
ribs 124 to form a unitary structure. Figure 13 illustrates 
a method of closing the top of a square tower model, 
such as illustrated in Figures 9 and 10, in which the top 
125 of the tower is to be closed. In this arrangement 
when the model layers approach the closed top, drops 
are ejected over the entire area of the tower with the 
result that some of these drops form beads broadening 
the top of the reinforcing walls and some of the drops 
fall between the reinforcing walls to form beads at the 
bottom of the tower as shown as 1 26. As the layers are 
formed progressively toward the closed top, the width 
of the walls increases as additional beads are formed 
thereon until the space between the reinforcing walls is 
closed as shown in Figure 13. The solid top can then be 
completed. 

External Surface Finish Control 

[0065] Thejethead t ravers esinacomputercontrolled 
fashion to create 3 dimensional objects as earlier de- 
scribed by repetitively applying layers of (MC) varying 
or the same cross-section until the desired shape is ob- 
tained. In this manner, walls are constructed a droplet 
at a time at various spacings or dot pitch. 
[0086] As the jet dispenses the MC droplets they land 
on a substrate and form 3 dimensional beads of a thick- 
ness slightly less than one half of their diameter after 
solidification. Depending upon the pitch, these drops 
can be deposited in an overlapping pattern. When new 
overlapping droplets hit the solid drops below, their mo- 
mentum causes them to splatter slightly forward in the 
direction of printing. The resulting formation is similar to 
that which would be achieved by laying soft disks in a 
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line with the disks overlapping each other. The degree 
of overlap can be 75% of more with each disk overlap- 
ping the previous one and dropping down to the layer 
below. After a significant number of layers have been 
laid down a roping or serpentine pattern can be detected 
in the wall when viewed from the side. The roping pat- 
tern may be undesirable in some applications and can 
be significantly diminished or totally eliminated by the 
addition of an immediately adjacent inner wall or walls. 
The actual number of walls will be determined by other 
factors (such as vertical build rate) in addition to the re- 
quired finish. The wall thickness (or wall pitch) can be 
set to whatever is required. 

[0087] The roping pattern appears primarily in single 
pitch walls, meaning a wall consisting of a single drop 
al lowing the flu id droplet to wet the top of an interior wall 
when it splatters. Thus, the droplet wets inwardly as well 
as in the direction of building, reducing the volume of 
MC available for the roping pattern. The net result is a 
smoother exterior wall. 

[0088] Interior lattice or fill patterns have a visible in- 
fluence on exterior wall finish due to the thermal effect 
their ends have on the thin wall. With multiple thickness 
exterior walls this mass related phenomenon is re- 
duced. As the exterior wall is made thicker, the ratio of 
lattice material and wall material is shifted in favor of the 
wall so that there is less lattice effect in the wall finish. 
[0089] Wall intersections with lattices are determined 
by software algorithms so that whenever there is an in- 
tersection, the end of the lattice line is pulled back from 
the centerli ne of the wall by 50% of the lattice wal I thick- 
ness Since the lattice walls and exterior single walls are 
the same construction the result is a 50% merging of 
material at each intersection. When building with multi- 
ple thickness exterior walls of the lattices interest only 
with the inner most wall. Therefore, latticing will effect 
the outside finish of a single thickness exterior wall more 
than a multi-thickness exterior wall which masks the lat- 
tice effect on exterior finish. 

Comer Structure 

[0090] A technique for forming outside and inside cor- 
ners of th e model's perimeter is very similar to the merg- 
ing of material mentioned earlier when discussing the 
lattice walls intersecting with exterior walls. When turn- 
ing corners with the jet, the MC material tends to accu- 
mulate at the corner. This accumulation is due in part to 
the fact that the material flow is being disrupted and the 
new adjacent wall allows the surface tension of the fluid 
to pull some of the material flow is being disrupted and 
the new adjacent wall allows the surface tension of the 
fluid to pull some of the material of both walls into the 
corner. Also, when the jet is at the intersection of two 
walls and MC is being jetted on the centerline of each 
wall there is some material overlap between the two 
walls and more material is deposited at the intersection 
than along the wall. Without correction, this phenome- 



non would gradually build the comers up vertically at a 
higher rate than along a straight wall. 
[0091] This phenomenon can be compensated for by 
either stopping the end of the first wall a full wall thick- 
5 ness away from the adjacent wall or pulling both walls 
back 25%. In either case, the MC material flows into the 
space reduci ng the amount of material in the comer and 
diminishing the effect. At the same time, a corner is 
formed with a radii that is 50% of a single wall thickness. 

10 

Layer Cohesion 

[0092] As droplets are laid down on top of the previous 
layer, there is a ref low phenomenon which acts to bond 
* 5 the new layer with the old layer. This ref low extends into 
the previous layer for only a small percentage of the lay- 
er thickness but is sufficient to accomplish several major 
things. 

[0093] First, it enhance the bond between the new lay- 

20 er and the previous layer. Inter-layer cohesion assures 
an integral part when the model is finished. 
[0094] Second, it relieves some of the stresses in the 
previous layer caused by shrinkage. The previous layer 
went through the same building technique as the new 

25 one goes th rough . When a layer solidifies it does so from 
the bottom up since the previous layer was already rel- 
atively cold. Because the top of the layer is not con- 
strained and the bottom is, non-uniform shrinkage oc- 
curs, this difference in shrinkage caused stress in the 

30 layer. When the new layer is applied the reflow zone 
tends to relax much of the stress. By giving up the ma- 
jority of its heat directly into the previous layer a degree 
of annealing is achieved. This mini-annealing process 
is repeated layer after layer. 

35 [0095] Third, exterior part finish is improved. The mi- 
nor melting of the cohesion/ ref low zone also promotes 
a blending of layers at their union. This improves finish 
by virtue of reducing the depth of the junction at the 
merging of the droplet radii of the previous layer with the 
current layer in a fillet fashion. 

[0096] Up to four layers seem, in tests, to be noticea- 
bly improved as to surface finish by ref lowing of the co- 
hesion zone of previous layers. 

45 Annealing 

[0097] If, after all these steps have been carried out, 
there is still stress and warp age that needs to be re- 
moved, one option left is annealing. Generally, anneal- 
so ing is a last resort. Provided the part has remained se- 
curely mounted to the mounting plate, annealing is gen- 
erally not required. 



55 Claims 

1. A 3-D model maker for producing a 3-D model by 
sequentially forming layer upon layer, by depositing 
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discrete beads of modelling material one layer at a 
time, to define the walls of a model, comprising: 

a) a support means (1 0) defining a surface for 
supporting a 3-D model during production; 5 

b) a drop on demand jet means (60) for ejecting 
discrete bead producing drops of molten mod- 
elling material one drop at a time upon demand; 

c) mounting means (5,7,12) mounting the jet 
means for movement along at least two axes of 10 
an X,Y,Z axes coordinate system relative to 
said surface; and 

d) control means, (i) for controlling movement 
of the mounting means (5,7,12) to move the jet 
means (60) along at least two axes of the X,Y, *s 
Z axes coordinate system and, (ii) for control- 
ling timing of the ejection of bead producing 
drops of molten modelling material by the jet 
means (60) to overlap previously deposited 
beads to a desired extent and to meld with pre- 20 
viously deposited beads to generate layers of 
modelling material defined by the beads; 

characterised in that the mounting means (5 ,7, 1 2) 
permits simultaneous movement of the jet means 25 
(60) along at least two axes of the X,Y,Z, coordinate 
system, the control means controlling movement of 
the jet means (60) along vectors corresponding to 
the walls of the model. 

30 

2. A 3-D model maker according to claim 1 character- 
ised in that a model shaving system (24) is mova- 
ble to shave the model to a desired height along the 
Z coordinate when desired; and electromagnets 
(31) being provided for selectively mounting said 35 
shaving system (24) to said mounting means 
(5,7,12) for movement thereby, under control of the 
control means (11), when shaving is desired and de- 
mounting said shaving system (24) from said 
mounting means (5,7,12) when shaving is not de- *o 
sired. 

3. A 3-D model maker according to claim 1 character- 
ised in that a responsive means (11) is responsive 

to vector plotting speed, acceleration and direction 45 
for controlling bead drop rate of said jet means (60) 
to provide a constant bead pitch while said jet 
means (60) moves along a vector during speed and 
direction changes of said vector, thereby providing 
a wall of modelling material having a substantially so 
constant width and having sides with a desired sur- 
face quality regardless of speed, acceleration, an- 
gle or curvature of said vector, preferably wherein 
said responsive means provides the control on the 
basis of vector plotting speed and direction during 55 
acceleration of the jet means (60) and on the basis 
of time when jet means (60) speed is substantially 
constant. 



4. A 3-D model maker according to claim 3 character- 
ised In that said vector plotting speed and direction 
are detected by X and Y coordinate encoders 
(29,30) and the responsive means (11) receives 
and responds to outputs of these, the direction of 
plot being determined continually by calculating one 
of the arc tangent and the sum of the squares of the 
instantaneous ratio of encoder outputs. 

5. A 3-D model maker according to claim 4 character- 
ised In that constant bead pitch is achieved by con- 
trolling the responsive means (11) to fire said jet 
means (60) in response to the X and Y coordinate 
encoder (29,30) that is closer in angle to said cal- 
culated direction, in dependence upon that angle. 

6. A method of producing a 3-D model by forming a 
contiguous plurality of parallel layers of modelling 
material on a platform comprising the steps of: 

a) produci ng a plurality of bead producing drops 
of the molten modelling material for deposition 
from a drop on demand jet at desired locations 
to solidify into beads to form at least a portion 
of a layer of said parallel layers; 

b) moving the drop on demand jet (60) in the X- 
Y coordinates relative to a support surface to 
deposit discrete beads of molten modelling ma- 
terial on the support surface; 

c) timing the production of said plurality of dis- 
crete beads, at least, when producing said de- 
sired outer surface defining wall to overlap pre- 
viously deposited beads to a desired extent and 
to meld with previously deposited beads to pro- 
duce a layer of the model; 

d) adjusting the location of the drop on demand 
jet (60) relative to the support surface in the Z 
coordinate following formation of said layer in 
preparation for the formation of a subsequent 
said layer; 

e) repeating steps a), b), c), and d) as required 
to complete the model; characterised In that 
jet (60) is moved simultaneously in the X and Y 
coordinates thereby depositing discrete beads 
along vectors defining the walls of the model. 

7. A method of producing a 3-D model according to 
claim 6 

characterised in that the step of controlling bead 
drop rate of said jet means (60), at least when form- 
ing exposed walls of the model when finished, is 
controlled in response to vector plotting speed, ac- 
celeration and direction to provide a constant bead 
pitch while said jet means moves along a vector, 
regardless of speed, acceleration, angle or curva- 
ture of said vector and thereby provide said walls of 
modelling material having a substantially constant 
width and having sides with a desired surface qual- 
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ity regardless of speed, acceleration, angle or cur- 
vature of said vector. 

8. A method of producing a 3-D model according to 
claim 7 5 
characterised In that said bead drop rate is con- 
trolled on the basis of vector plotting speed and di- 
rection during acceleration of the jet means and on 
the basis of time when jet means speed is substan- 
tially constant. 10 

9. A method of producing a 3-D model according to 
claim 7 

characterised by the steps of: 

15 

detecting vector plotting speed and direction of 
the jet means with X and Y coordinate encoders 
and controlling the bead drop rate in response 
to output of the encoders; and 
continually determining the direction of plot by 20 
calculating one of the arc tangent and the sum 
of the squares of the instantaneous ratio of en- 
coder outputs. 

10. A method of producing a 3-D model according to 
claim 9 

characterised in that the bead drop is controlled 
in response to the X and Y coordinate encoder 
(29,30) that is closer in angle to said calculated di- 
rection, in dependence upon that angle, to maintain so 
a constant bead pitch. 

11. A method of producing a 3-D model according to 
claim 6 

characterised by the step of shaving the model to 35 
a desired height along the Z coordinate when de- 
sired by: 

a) halti ng ejection of bead producing drops from 
the jet means (60); 

b) moving the mounting means (5,7,12) to a 
shaving means (24) rest position; 

c) coupling the mounting means (5, 7, 12) to a 
shaving means (21), parked in the rest position, 

for moving the shaving means (24) with the 45 
mou nti ng means (5,7, 1 2) and shaving the mod- 
el to a desired height along the Z coordinate; 

d) moving the mounting means (5,7,12) to the 
rest position upon completion of shaving and 
uncoupling the shaving means (24) from the jet so 
means (60), thereby parking the shaving 
means (24) in the rest position; and 

e) resuming ejection of bead producing drops 
from the jet means (60), with the shaving 
means (24) parked in the rest position, to pro- 55 
duce additional layers if desired. 

12. A method of producing a 3-D model according to 



claim 11 

characterised by the step of providing electromag- 
nets (31) on at least one of said mounting means 
(5,7,12) and said shaving means (24), and energiz- 
ing these electromagnets (31) for the selectively 
coupling of said shaving system (24) to the mount- 
ing mens (5,7,12). 

13. A method of producing a 3-D model according to 
claim 6 

characterised by the step of ejecting the bead pro- 
ducing drops of material at a temperature high 
enough to ensure that the beads of modelling ma- 
terial are still at least partially molten when the 
beads impact previously deposited beads, at least 
when forming one of an interior and outer wall of a 
model, to fuse the beads to and blend into the pre- 
viously deposited beads thereby to enhance the 
surface finish of the wall. 

14. A method of producing a 3-D model according to 
claim 6 

characterised by the step of moving the jet means 
to form a double wall of said overlapping beads, at 
least when forming exposed walls of the model, 
thereby to enhance the surface finish of the wall. 



Patentan sp riich e 

1. 3D-Modell-HerstellungsvorrichtungzurHerstellung 
dreidimensionaler Modelle durch aufeinanderfol- 
gendes Bilden einer Schicht auf einer Schicht, in- 
dem diskrete Perlen aus Model liermaterial in einer 
Schicht pro Zeit abgelagert werden, urn die Wande 
eines Modells zu bestimmen, mrt: 

(a) einer Tragervorrichtung (10), dieeineOber- 
flache zum Tragen eines dreidimensionalen 
Modells wahrend seiner Herstellung bestimmt; 

(b) einer Tropfen-auf-Anfrage-AusstoRvorrich- 
tung (60), urn diskrete Perlen erzeugende 
Tropfen aus geschmolzenen Model liermaterial 
mit einem Tropfen pro Zeit auf Anfrage auszu- 
stoBen; 

(c) einer Befestigungsvorrichtung (5, 7, 12), die 
die AusstoBvorrichtung fur eine Bewegung ent- 
lang von zumindest zwei Achsen eines XYZ- 
Achsen-Koordinatensystems relativ zu der 
Oberflache befestigt; und 

(d) einer Steuervorrichtung (i) zum Steuern der 
Bewegung der Befestigungsvorrichtung (5, 7, 
12), um die AusstoBvorrichtung (60) entlang 
von zumindest zwei Achsen des XYZ-Achsen- 
Koordinaten systems zu bewegen und (ii) zum 
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Steuern der AusstoBzeit von Perlen erzeugen- 
denTropfen aus geschmolzenen Modellierma- 
terial durch die Aussto Bvorrichtung (60), damit 
sie sich mit zuvor abgelagerten Perlen zu ei- 
nem gewunschten AusmaB uberlappen u nd mit 5 
zuvor abgelagerten Perlen verschmelzen, urn 
durch die Perlen bestimmte Schichten aus Mo- 
delliermaterial zu erzeugen; 

dadurch gekennzeichnet, daB die Befestigungs- 10 
vorrichtung (5, 7, 12) die gleichzeitige Bewegung 
der Aussto Bvorrichtung (60) entlang von zumindest 
zwei Achsen des XYZ-Achsen-Koordinatensy- 
stems zulaBt, wobei die Steuervorrichtung die Be- 
wegung der Aussto (3 vorrichtung (60) entlang von *s 
Vektoren steuert, die den Wanden des Modelleent- 
sprechen. 

2. 3D-Modell-Herstellungsvorrichtung nach Anspruch 

1, dadurch gekennzeichnet, daB ein Modellab- 20 
streifsystem (24) bewegbar ist, um das Modell auf 
eine gewunschte Hohe entlang der Z-Koordinate 
abzustreifen, wenn es erwunscht ist; und daB Elek- 
tromagnete (31) vorgesehen sind, um das Abstreif- 
system (24) an der Befestigungsvorrichtung (5, 7, 25 
12) selektivzu befestigen, damit essich mit ihrunter 
der Kontrolle der Steuervorrichtung (11) bewegt, 
wenn das Abstreifen erwiinscht ist, und um das Ab- 
streif system (24) von der Befestigungsvorrichtung 
(5, 7, 12) zu trennen, wenn das Abstreifen nicht er- so 
wunscht ist. 

3. 3D-Modell-Herstellungsvorrichtung nach Anspruch 
1 , dadurch gekennzeichnet, daB eine Reagiervor- 
richtung (11) auf eine Vektorzeichengeschwindig- 35 
keit, -beschleunigung und -richtung reagiert, um die 
Perlentropfrate der Ausstol3vorrichtung (60) zu 
steuern, damit eine konstante Perlendichte ge- 
schaffen wird, wan rend sich dieAusstoBvorrichtung 
(60) entlang eines Vektors mit Geschwindigkeits- -*o 
und Richtungsanderungen des Vektors bewegt, 
wodurch eine Wand aus Modell iermaterial mit einer 

im wesentlichen konstanten Breite und mit Seiten 
geschaffen wird, die unabhangig von der Ge- 
schwindigkert, der Beschleunigung, dem Winkel 45 
oder der Krummung des Vektors eine gewunschte 
Oberf lachenqualitat aufweist, wobei vorzugsweise 
die Reagiervorrichtung die Steuerung wahrend der 
Beschleunigung der AusstoBvor richtung (60) auf 
der Basis der Vektorzeichengeschwindigkeit und so 
-richtung und, wenn die Geschwindigkert der Aus- 
stoBvor richtung (60) im wesentlichen konstant ist, 
auf der Zeitbasis macht. 

4. 3D-Modell-Herstellungsvorrichtung nach Anspruch 55 
3, dadurch gekennzeichnet, daB die Vektorzei- 
chengeschwindigkeit und -richtung durch X- und Y- 
Koordinatenumsetzer (29, 30) detektiert werden, 



und daB die Reagiervorrichtung (11) Ausgangevon 
diesen empfangt und darauf reagiert, wobei die Zei- 
chenrichtung kontinuierlich durch die Berechnung 
entweder des Arcustangens Oder der Summe der 
Quadrate des unmittelbaren Verhaltnisses der Um- 
setzerausgange bestimmt wird. 

5. 3D-Modell-Herstellungsvorrichtung nach Anspruch 
4, dadurch gekennzeichnet, .daft eine konstante 
Tropfendichte durch Steuern der Reagiervorrich- 
tung (11) erreicht wird, um die AusstoBvorrichtung 
(60) als Reaktion auf den X- und Y-Koordinatenum- 
setzer (29, 30), der im Winkel naheran der berech- 
neten Richtung liegt, in Abhangigkert von diesem 
Winkel anzutreiben. 

6. Verfahren zur Herstellung eines dreidimensionalen 
Modells durch Bilden einer aneinanderhangenden 
Vielzahl paralleler Schichten aus Model liermaterial 
auf einer Plattform mit den folgenden Schritten: 

(a) Herstellen einer Vielzahl von eine Perle er- 
zeugenden Tropfen aus geschmolzenen Mo- 
delliermaterial, die bei aus einem Tropfen-auf- 
Anf rage- Aussto Ber an erwiinschten Stellen ab- 
gelagert werden, damit sie sich in Perlen ver- 
festigen, um zumindest einen Teil einer Schicht 
der parallelen Schichten zu bilden; 

(b) Bewegen des Tropfen-auf-Anfrage-Aus- 
stoBers (60) in den X-Y-Koordinaten relativ zu 
einer Trageroberflache, um diskrete Perlen aus 
geschmolzenen Modelliermaterial auf der Tra- 
geroberflache abzulagern; 

(c) Takten der Herstellung der Vielzahl diskreter 
Tropfen zumindest wahrend der Herstellung 
der die gewunschte AuBen oberf lache bestim- 
menden Wand, damit sie mit zuvor abgelager- 
ten Perlen zu einem gewunschten AusmaB 
uberlappen und mit zuvor abgelagerten Trop- 
fen verschmelzen, um eine Schicht des Mo- 
dells herzustellen; 

(d) Einstellen der Position des Tropfen-auf-An- 
frage-AusstoBers (60) in der Z-Koordinate re- 
lativ zu der Trageroberflache im AnschluB an 
die Bildu ng der Schicht bei der Vorbereitung fur 
die Bildung einer der Schicht nachfolgenden 
Schicht; 

(e) WiederholenderSchritte(a), (b), (c) und (d), 
wie es erforderlich ist, um das Modell fertigzu- 
stellen; dadurch gekennzeichnet, daft der 
AusstoBer (60) gleichzertig in derX- und Y-Ko- 
ordinate bewegt wird, um dadurch diskrete Per- 
len entlang von Vektoren abzulagern, die die 
Wandevon dem Modell bestimmen. 
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7. Verfahren zur Herstellung eines dreidimensionalen 
Modells nach Anspruch 6, dadurch gekennzelch- 
net, daB der Schritt des Steuems der Perlentropf- 
rate der AusstoBvorrichtung (60) zumindest beim 
Bilden von Wanden des Modells, die freiliegen, 5 
wenn es fertiggestellt ist, in Reaktion auf, die Vek- 
torzeichengeschwindigkeit, -beschleunigung und - 
richtung gesteuert wird, um unabhangig von der 
Geschwindigkeit, der Beschleunigung, dem Winkel 
oder der Krummung des Vektors eine konstante 10 
Perlendichte zu schaffen, wahrend sich die Aus- 
stoBvorrichtung entlang eines Vektors bewegt, und 

um dadurch die Wande aus Modelliermaterial mit 
einer im wesentlichen konstanten Dicke und mit 
Seiten zu schaffen, die eine gewunschte oberfla- *s 
chenqualitat unabhangig von der Geschwindigkeit, 
der Beschleunigung, dem Winkel oder der Krum- 
mung des Vektors aufweisen. 

8. Verfahren zur Herstellung eines dreidimensionalen 20 
Modells nach Anspruch 7, dadurch gekennzelch- 
net, daB die Perlentropfrate auf der Basis der Vek- 
torzeichengeschwindigkeit und -richtung wahrend 
der Beschleunigung der AusstoBvorrichtung und, 
wenn die AusstoBvorrichtungsgeschwindigkeit im 
wesentlichen konstant ist, auf der Basis der Zeit ge- 
steuert wird. 

9. Verfahren zur Herstell ung ei nes dreidimensionalen 
Modells nach Anspruch 7, gekennzelchnet durch so 

die folgenden Schrrtte: 



oder der Summe der Quadrate des unmittelba- 
ren Verhaltnisses der Umsetzerausgange. 

10. Verfahren zur Herstellung eines dreidimensionalen 
Modells nach Anspruch 9, dadurch gekennzelch- 45 
net, daB der Perlentropfen als Reaktion auf den X- 
und Y-Koordinatenumsetzer (29, 30), der im Winkel 
dichter zu der berechneten Richtung liegt, in Ab- 
hangigkeit von diesem Winkel gesteuert wird, um 
eine konstante Perlendichte aufrechtzuerhalten, so 

11 . Verfahren zur Herstellung eines dreidimensionalen 
Modells nach Anspruch 6, gekennzeichnet durch 
den Schritt des Abstreifens des Modells auf eine ge- 
wunschte Hohe entlang der Z-Koordinate, wenn es 55 
erwunscht ist, durch: 

(a) Anhalten des AusstoBens der eine Perle er- 



zeugenden Tropfen aus der AusstoBvorrich- 
tung (60); 

(b) Bewegen der Befestigungsvorrichtung (5, 7, 
12) in eine Ruhestellung der Abst re ifvor rich- 
tung (24); 

(c) Ankuppeln der Befestigungsvorrichtung (5, 
7, 12) an eine Abstreifvorrichtung (24), die in 
der Ruhestellung geparkt ist, um die Abstreif- 
vorrichtung (24) mit der Befestigungsvorrich- 
tung (5, 7, 12) zu bewegen und um das Modell 
auf eine gewunschte Hohe entlang derZ-Koor- 
dinate abzustreifen; 

(d) Bewegen der Befestigungsvorrichtung (5, 7, 
12) in eine Ruhestellung nach AbschluB des 
Abstreifens und Abkuppeln der Abstreifvorrich- 
tung (24) von der AusstoBvorrichtung (60), um 
dadurch die Abstreifvorrichtung (24) in der Ru- 
hestellung zu parken; und 

(e) Wiederaufnehmen des AusstoBens der 
Perlen erzeugenden Tropfen aus der 
AusstoBvorrichtung (60), um zusatzliche 
Schichten zu erzeugen, wenn das erwunscht 
ist, wobei die Abstreifvorrichtung (24) in der Ru- 
hestellung geparkt ist. 

12. verfahren zur Herstellung eines dreidimensionalen 
Modells nach Anspruch 11 , gekennzelch net durch 
den Schritt des Zur-Verfugung-Stellens von Elek- 
tromagneten (31) an zumindest der Befestigungs- 
vorrichtung (5, 7, 12) oder der Abstreifvorrichtung 
(24) und Anschalten der Elektromagnete (31), um 
das Abstreifsystem (24) selektiv an die Befesti- 
gungsvorrichtung (5, 7, 12) anzukuppeln. 

13. Verfahren zur Herstellung eines dreidimensionalen 
Modells nach Anspruch 6, gekennzelchnet durch 
den Schritt des AusstoBens der Perlen erzeugen- 
den Tropfen aus Material bei einer Temperatur, die 
hoch genug ist, um zu gewahrleisten, daB die Per- 
len aus Modelliermaterial noch zumindest teilweise 
geschmolzen sind, wenn die Perlen auf zuvorab- 
gelagerte Perlen treffen, zumindest wenn eine In- 
nen- oder AuBenwand eines Modells gebildet wird, 
damit die Perlen mit zuvor abgelagerten Perlen ver- 
schmelzen und eich damit mischen, um dadurch 
die OberflachengCite der Wand zu verbessern. 

14. Verfahren zur Herstellung eines dreidimensionalen 
Objekts nach Anspruch 6, gekennzeichnet durch 
den Schritt des Bewegens der AusstoBvorrichtung, 
um eine Doppelwand sich Ciberlappender Perlen zu 
bilden, zumindest wenn freiliegende Wande des 
Modells gebildet werden, um dadurch die Oberfla- 
chengiite der Wand zu verbessern . 



Detektieren der Vektorzeichengeschwindigkeit 
und -richtung der AusstoBvorrichtung mit X- 
und Y- Koordinatenumsetzern und Steuern der 35 
Perlentropfrate als Reaktion auf den Ausgang 
der Umsetzer; und 

Andauemdes Bestimmen der Zeichenrichtung 
durch Berechnen entweder des Arcustangens -*o 
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R eve ndicat ions 

1. Appareil de realisation de modele en trois dimen- 
sions destine a f abriquer un modele en trois dimen- 
sions en formant sequentiellement une couche sur 5 
une autre, en deposant des perles discretes d'un 
materiau de modelage une couche a la fois, afin de 
definir les parois d'un modele comprenant : 

a) un moyen de support (10) definissant une 10 
surface destine a supporter un modele en trois 
dimensions durant la fabrication, 

b) un moyen de busettes a gouttes a la deman- 
de (60) destine a ejecter des gouttes produ isant 
des perles discretes de materiau de modelage *s 
fondu une goutte a la fois a la demande, 

c) un moyen de montage (5, 7, 12) montant le 
moyen de busettes en vue d'un deplacement le 
long d'au mo ins deux axes d'un systeme de 
coordonnees a axes X, Y, Z par rapport a ladite ^ 
surface, et 

d) un moyen de commande, (i) destine a com- 4. 
mander le deplacement du moyen de montage 

(5, 7, 12) afin de deplacer le moyen de busettes 
(60) le long d'au moins deux axes du systeme 
de coordonnees a axes X, Y, Z et, (ii) destine a 
commander la temporisation de rejection de 
gouttes produ isant des perles de materiau de 
modelage fondu par le moyen de busettes (60) 
pour qu'elles recouvrent les perles deposees so 
precedemment dans une certaine mesure et 
qu'elles s' eta lent avec les perles deposees pre- 
cedemment afin de generer des couches de 5. 
materiau de modelage definies par les perles, 

35 

caracterise en ce que le moyen de montage 
(5, 7, 12) permet un deplacement simultane du 
moyen de busettes (60) le long d'au moins deux 
axes du systeme de coordonnees X, Y, Z, le moyen 
de commande commandant le deplacement du -*o 
moyen de busettes (60) le long de vecteurs corres- 
pondant aux parois du modele. 6. 

2. Appareil de realisation de modele en trois dimen- 
sions selon la revendication 1 , caracterise en ce 45 
qu'un systeme d'arasement de modele (24) est mo- 
bile afin d'araser le modele a une hauteur souhaitee 

le long de la coordonnee Z lorsqu'on le souhaite, et 
que des electroaimants (31) sont prevus en vue de, 
selectivement, monter ledit systeme d'arasement so 
(24) sur ledit moyen de montage (5, 7, 12) en vue 
d'un deplacement grace a celui-ci, sous la comman- 
de du moyen de commande (11), lorsqu'un arase- 
ment est desire, et demonter ledit systeme d'arase- 
ment (24) dudit moyen de montage (5, 7, 12) lors- 55 
qu'un arasement n'est pas souhaite. 

3. Appareil de realisation de modele en trois dimen- 



sions selon la revendication 1 , caracterise en ce 
qu'un moyen sensible (11) est sensible a une Vites- 
se, une acceleration et une direction de trace de 
vecteur en vue de commander la Vitesse de chute 
des perles dudit moyen de busettes (60) pour pro- 
curer un pas de perle constant tand is que le moyen 
de busettes (60) se deplace le long d'un vecteur du- 
rant des changements de vitesse et de direction du- 
dit vecteur, en realisant par ce moyen une paroi de 
materiau de modelage presentant une largeur pra- 
tiquement constante et comportant des cQtes pre- 
sentant une qualite de surface souhaitee indepen- 
damment de la vitesse, de ('acceleration, de Tangle 
decourbure dudit vecteur, dans lequel de preferen- 
ce ledit moyen sensible realise la commande sur la 
base de la vitesse et de la di rection de trace de vec- 
teur durant I 'acceleration du moyen de busettes 
(60) et sur la base du temps lorsque la vitesse du 
moyen de busettes (60) est sensiblement constan- 
te. 

Appareil de realisation de modele en trois dimen- 
sions selon la revendication 3, caracterise en ce 
que lesdites vitesse et direction de trace de vecteur 
sont detectees par des codeurs (29, 30) de coor- 
donnees X et.Y et en ce que ledit moyen sensible 
(1 1 ) regoit des sorties de ceux-ci et repond a eel les - 
ci, la direction du trace etant determinee en continu 
en calculant I'un parmi Tare tangente et la somme 
des carres du rapport instantane des sorties des co- 
deurs. 

Appareil de realisation de modele en trois dimen- 
sions selon la revendication 4, caracterise en ce 
qu'un pas de perle constant est obtenu en com- 
mandant le moyen sensible (11) pour declencher le- 
dit moyen de busettes (60) en reponse au codeur 
(29, 30) de coordonnees X et Y dont Tangle est le 
plus p roc he de ladite direction calculee, en fonction 
de cet angle. 

Precede de fabrication d'un modele en trois dimen- 
sions en formant une plurality contigues de cou- 
ches paralleles de materiau de modelage sur une 
plate-forme comprenant les 6tapes consistant a : 

a) produire une plurality de gouttes produisant 
des perles du materiau de modelage fondu en 
vue d'un depot a parti r d' une busette de gouttes 
a la demande a des emplacements souhaites 
pour qu'elles se solidifient en perles pour for- 
mer au moins une partied'une couche desdites 
couches paralleles, 

b) deplacer la busette de gouttes a la demande 
(60) suivant les coordonnees X, Y par rapport 
a une surface de support afin de deposer des 
perles discretes de materiau de modelage fon- 
du sur la surface de support, 
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c) tempo riser la production de ladite pluralitede 
perles discretes, au moins, lorsde la production 
de ladite paroi def in issant u ne surface exterieu- 
re souhaitee pour qu'elles recouvrent les perles 
deposees precedemment dans une certaine 5 
mesure et pour qu'elles s'etalent avec les per- 
les deposees precedemment afin de produire 
une couche du modele, 

d) ajuster rem placement de la busette de gout- 

tes a la demande (60) par rapport a la surface 10 
de support suivant la coordonnee Z a la suite 
de la formation de ladite couche en preparation 
pour la formation d'une dite couche suivante, 

e) repeter les etapes a), b), c), et d) comme ne- 
cessaire afin d'achever le modele, caracterise 15 
en ce que la busette (60) est d^placee simul- 
tanement suivant les coordonnees X et Y en 
deposant parce moyen des perles discretes le 
long de vecteurs definissant les parois du mo- 
dele. 20 

Procede de fabrication d'un modele en trois dimen- 
sions selon la revendication 6, caracterise en ce 
que I'etape de commande de la vitesse de chute 
des perles dudit moyen de busettes (60), au moins 
lors de la formation de parois exposees du modele 
lorsqu'il est termine, est commandee en reponse a 
une vitesse, une acceleration et une direction de 
trace de vecteur en vue de procurer u n pas de perle 
constant tandis que ledit moyen de busettes se de- so 
place le long d'un vecteur, independamment de la 
vitesse, de I'accele ration, de Tangle ou de la cour- 
bure dudit vecteur et de realiser par ce moyen les- 
dites parois de materiau de modelage presentant 
une largeur pratiquement constante et comportant 35 
des cotes presentant une qualite de surface sou- 
haitee independamment de la vitesse, de I'accele- 
ration, de Tangle ou de la courbure dudit vecteur. 

Procede de fabrication d'un modele en trois dimen- *o 
sions selon la revendication 7, caracterise en ce 
que ladite vitesse de chute des perles est comman- 
dee sur la base de la vitesse et de la direction de 
trace de vecteur durant I 'acceleration du moyen de 
busettes et sur la base du temps lorsque la vitesse 45 
du moyen de busettes est sensiblement constante. 

Procede de fabrication d'un modele en trois dimen- 
sions selon la revendication 7, caracterise par eta- 
pes consistant a : so 

detecter la vitesse et la direction de trace de 
vecteur du moyen de busettes avec les codeurs 
de coordonn ees X et Y et commander la vitesse 
de chute des perles en reponse a la sortie des 55 
codeurs, et 

determiner en continu la direction du trace en 
calculant I'un parmi Tare tangenteet la somme 



des carres du rapport instantane des sorties 
des codeurs. 

10. Precede de fabrication d'un modele en trois dimen- 
sions selon la revendication 9, caracterise en ce 
que la chute des perles est commandee en reponse 
au codeur (29, 30) de coordonnees X et Y dont Tan- 
gle est le plus proche de ladite direction calculee, 
en fonction de cet angle, afin de maintenir un pas 
de perle constant. 

11 . Procede de fabrication d'un modele en trois dimen- 
sions selon la revendication 6, caracterise par 
I'etape consistant a araser le model e & une hauteur 
souhaitee le long de la coordonnee Z lorsque cela 
est souhaite en : 

a) arretant rejection de gouttes produisant des 
perles depuis le moyen de busettes (60), 

b) deplacant le moyen de montage (5, 7, 12) 
vers une position de repos du moyen d'arase- 
ment (24), 

c) accouplant le moyen de montage (5, 7, 12) 
a un moyen d'arasement (24), parque a la po- 
sition de repos, en vue de deplacer le moyen 
d'arasement (24) avec le moyen de montage 
(5, 7, 12) et d'araser le modele a une hauteur 
souhaitee le long de la coordonnee Z, 

d) deplacant le moyen de montage (5, 7, 12) 
vers la position de repos lors de I'achevement 
de I'arasement et desaccouplant le moyen 
d'arasement (24) du moyen de busettes (60), 
en parquant ainsi le moyen d'arasement (24) a 
la position de repos, et 

e) reprenant rejection de gouttes produisant 
des perles depuis le moyen de busettes (60), 
le moyen d'arasement (24) etant parque a la 
position de repos, afin de produire des couches 
supplementaires si on le souhaite. 

12. Procede de fabrication d'un modele en trois dimen- 
sions selon la revendication 1 1 , caracterise par 
I'etape consistant a prevoir des electro aim ants (31 ) 
sur au moins Tun dudit moyen de montage (5, 7, 1 2) 
et dudit moyen d'arasement (24), et a exciter ces 
electro aim ants (31 ) en vue de I'accouplement de fa- 
con selective dudit systeme d'arasement (24) sur 
ledit moyen de montage (5, 7, 12). 

13. Precede de fabrication d'un modele en trois dimen- 
sions selon la revendication 6, caracterise par 
I'etape consistant a ejecter les gouttes produisant 
des perles de materiau a u ne temperature suffisam- 
ment eievee pour assurer que les perles de mate- 
riau de modelage sont encore au moins en partie 
fondues lorsque les perles vien nent f rapper les per- 
les deposees precedemment, au moins lors de la 
formation de I'une d'une paroi interieure et d'une pa- 
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roi exterieure d'un modele, afin defusionner les per- 
les dans les perles d£pos6es pr6c6demment et de 
les melanger dans celles-ci pour ameliorer par ce 
moyen le fini de surface de la paroi. 

5 

14. Procede de fabrication d'un module en trois dimen- 
sions selon la revendication 6, caracterlse par 
I'etape consistant a deplacer le moyen de busettes 
afin de former une double paroi desdites perles en 
recouvrement, au moi ns lors de la formation des pa- 10 
rois exposees du modele, afin d'ameliorer ainsi le 
fini de surface de la paroi. 
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FIG. 12 FIG. 13 
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